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We present a LO evaluation of helicity densities of valence, uv + dv , non-strange sea, u¯ + d¯, and
strange quarks, s (assumed to be equal to s¯). They have been obtained from the inclusive asymmetry
A1,d and the semi-inclusive asymmetries A
π+
1,d , A
π−
1,d , A
K+
1,d , A
K−
1,d measured in polarised deep inelastic
muon–deuteron scattering. The full deuteron statistics of COMPASS (years 2002–2004 and 2006) has been
used. The data cover the range Q 2 > 1 (GeV/c)2 and 0.004 < x < 0.3. Both non-strange densities are
found to be in a good agreement with previous measurements. The distribution of s(x) is compatible
with zero in the whole measured range, in contrast to the shape of the strange quark helicity distribution
obtained in most LO and NLO QCD ﬁts. The sensitivity of the values of s(x) upon the choice of
fragmentation functions used in the derivation is discussed.
© 2009 Elsevier B.V. Open access under CC BY license. * Corresponding author.
E-mail address: gerhard.mallot@cern.ch (G.K. Mallot).
1 Deceased.
2 Also at IST, Universidade Técnica de Lisboa, Lisbon, Portugal.
3 On leave of absence from JINR Dubna.
4 Also at Chubu University, Kasugai, Aichi, 487-8501 Japan. 11
5 Also at KEK, 1-1 Oho, Tsukuba, Ibaraki, 305-0801 Japan.
6 Also at GSI mbH, Planckstr. 1, D-64291 Darmstadt, Germany.
7 Supported by the German Bundesministerium für Bildung und Forschung.
8 Suppported by Czech Republic MEYS grants ME492 and LA242.
9 Supported by DST-FIST II grants, Govt. of India.
10 Supported by the Shailabala Biswas Education Trust.
11 Supported by the Portuguese FCT – Fundação para a Ciência e Tecnologia grants
POCTI/FNU/49501/2002 and POCTI/FNU/50192/2003.
12 Supported by the MEXT and the JSPS under the Grants Nos. 18002006,
20540299 and 18540281; Daiko Foundation and Yamada Foundation.
13 Supported by the DFG cluster of excellence ‘Origin and Structure of the Uni-
verse’ (www.universe-cluster.de).
14 Supported by the Israel Science Foundation, founded by the Israel Academy of
Sciences and Humanities.
15 Supported by Ministry of Science and Higher Education grant 41/N-
CERN/2007/0.
16 Supported by KBN grant nr 134/E-365/SPUB-M/CERN/P-03/DZ299/2000.1. Introduction
Among the various sea quarks contributing to the nucleon spin,
the strange quark is the only one accessible in inclusive lepton-
nucleon scattering experiments. The ﬁrst moment of the strange
quark helicity distribution, s+s¯, has been found to be negative
already twenty years ago in the EMC experiment [1] under the as-
sumption of SU(3)F symmetry in hyperon β decays. This result has
been conﬁrmed with improved precision by recent measurements
performed by HERMES [2] and by COMPASS which has obtained
s + s¯ = −0.09± 0.01(stat.)± 0.02(syst.) (1)
at Q 2 = 10 (GeV/c)2 at leading order (LO) in QCD [3]. Inclusive
experiments, however, provide an evaluation of the ﬁrst moment
s + s¯ only. The shape as a function of the Bjorken scaling vari-
able x is determined in global ﬁts of the nucleon spin structure
function g1(x, Q 2) where a parameterisation of the strange quark
helicity as a function of x assumed to be valid at some reference
value of the photon virtuality, Q 2, is evolved to the Q 2 of each0
COMPASS Collaboration / Physics Letters B 680 (2009) 217–224 219Fig. 1. Distribution of the interaction vertices along the beam axis for the 2-cell (years 2002–2004) and 3-cell (year 2006) target conﬁgurations. The solid lines show the
length of the cells.data point and ﬁtted to the measured values. The resulting distri-
bution s(x), further assumed to be equal to s¯(x), is generally
concentrated at the highest values of x compatible with the posi-
tivity limit |s(x, Q 2)| s(x, Q 2) [4,5].
Direct information on the distribution s(x) can be obtained
from semi-inclusive channels, in which interactions on strange
quarks are enhanced, such as charged kaon production. These mea-
surements, which require ﬁnal state particle identiﬁcation, became
only feasible in recent experiments and the only results published
so far are from the HERMES experiment [6–8].
In a full ﬂavour decomposition analysis, HERMES Collaboration
has obtained s = 0.028 ± 0.033(stat.) ± 0.009(syst.) in the range
0.023 < x < 0.6 [7]. In their most recent analysis of the charged
kaon and inclusive asymmetries in deuteron data, they have ob-
tained s + s¯ = 0.037 ± 0.019(stat.) ± 0.027(syst.) [8]. The neg-
ative values of s(x) expected from the full ﬁrst moment have
thus never been observed in the x range covered by HERMES. The
implication of a positive s in a limited experimental range was
discussed in relation with the assumed SU(3) ﬂavour symmetry
and it was shown that a non-negative ﬁrst moment of s was
highly unlikely [9]. This situation is clearly reﬂected in the result
of a global ﬁt including all inclusive and semi-inclusive results in
the DIS region: the ﬁtted distribution of s(x) which is positive at
x > 0.03 receives a negative contribution in the unmeasured low x
range, to bring its ﬁrst moment close to the values of Eq. (1) [10].
In this Letter we present a new precise measurement of the
inclusive and semi-inclusive double spin asymmetries measured on
an isoscalar target by the COMPASS experiment at CERN and a LO
evaluation of the polarised parton distributions uv + dv , u¯ +
d¯ and s (= s¯).
At LO in QCD under the assumption of independent quark frag-
mentation, the double spin asymmetries for hadrons h produced in
the current fragmentation region can be decomposed into a sum
of products of quark helicity distributions q(x, Q 2) times quark
fragmentation functions Dhq(z, Q
2) where z is the fraction of the
virtual-photon energy taken by the hadron h
Ah1
(
x, Q 2, z
)=
∑
q e
2
qq(x, Q
2)Dhq(z, Q
2)∑
q e
2
qq(x, Q 2)D
h
q(z, Q 2)
. (2)
A previous determination of the quark helicity distributions per-
formed by SMC [11] covers a kinematic range similar to the COM-
PASS data but does not provide a determination of s due to the
lack of hadron identiﬁcation.
The deuteron data presented in this Letter were collected in the
years 2002–2004 and 2006. The produced hadrons cover a large
phase space. In the present analysis only those identiﬁed as pions
or kaons are used.2. Experimental setup
A general description of the COMPASS spectrometer in the ini-
tial conﬁguration is given in [12]. Only modiﬁcations introduced
after the year 2005 will be mentioned here. They mainly concern
the polarised target, the large area trackers around the ﬁrst spec-
trometer magnet (SM1), and the RICH detector.
Before 2005 the target solenoid magnet was the one previously
used by the SMC experiment [13] with an aperture of ±70 mrad as
seen from the upstream end of the target. The new solenoid mag-
net [14] installed in 2005 has an acceptance of ±180 mrad. Before
2005 the polarised target, located inside the solenoid, consisted of
two cells, each 60 cm long and 3 cm in diameter, separated by
10 cm. A three cell target has been installed in the new magnet. In
this conﬁguration the central cell is 60 cm long and the two outer
ones 30 cm long, separated by 5 cm. The total amount of mate-
rial thus remains unchanged. The distribution of the interaction
vertices along the beam axis for the events used in the present
analysis is shown in Fig. 1 for the old and new target conﬁgura-
tions.
The deuterated lithium target material (6LiD) is longitudinally
polarised with the method of dynamic nuclear polarisation (DNP)
[15]. In the old as well as in the new conﬁguration neighbouring
cells of the targets are polarised in opposite directions so that data
from both spin directions are recorded at the same time. The ab-
solute value of the averaged polarisation varies between 0.50 and
0.56. Before 2005 the spin directions in the target cells were re-
versed every 8 hours by rotating the magnetic ﬁeld direction. In
this way, ﬂuxes and acceptances cancel out in the calculation of
spin asymmetries, provided that the ratio of acceptances remains
unchanged after spin reversal. In the new conﬁguration, the data
samples obtained with both spin orientations have in average the
same acceptance, which limits false asymmetries. In view of this,
the magnetic ﬁeld direction was rotated only once per day during
the 2006 data taking. In order to minimise possible acceptance ef-
fects related to the orientation of the solenoid ﬁeld, the sign of the
polarisation in each target cell was also reversed a few times per
year by changing the DNP microwave frequencies.
Several modiﬁcations have been introduced in the tracking de-
tectors around SM1 in order to match the enlarged acceptance of
the new solenoid. An additional medium size drift chamber sta-
tion (DC) has been installed upstream of SM1 and two smaller DCs,
downstream of SM1, have been replaced by a new larger one and
by a straw tube station.
A major upgrade has also been applied to the RICH detector
to improve its performance in terms of eﬃciency and purity [16].
In the most critical central region, photon detection previously
provided by large-size MWPCs with CsI photocathodes has been
replaced by a system based on multi-anode PMTs. It improves con-
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halo is largest. In addition the readout system for the peripheral
region has been replaced by a faster one.
3. Asymmetries
All events used in the present analysis are required to have a
reconstructed primary interaction vertex deﬁned by the incoming
and the scattered muon trajectories (the reconstruction procedure
is described in Ref. [17]). The energy of the beam muon is con-
strained to be in the interval 140 < Eμ < 180 GeV. To equalise
ﬂuxes through the different target cells, cuts are applied on the di-
rection of the incoming muon to ensure that its trajectory crosses
entirely all cells. This condition is essential because it allows to
cancel out the muon ﬂux in the calculation of asymmetries. The
kinematic region is deﬁned by cuts on the photon virtuality, Q 2,
and the fractional energy y transfered from the beam muon to
the virtual photon. DIS events are selected by requiring Q 2 > 1
(GeV/c)2. The requirement y > 0.1 removes events affected by bad
resolution and low photon polarisation. The region most affected
by radiative corrections is eliminated by the cut y < 0.9.
The x range covered in the present analysis extends from 0.004
to 0.3. The low limit is deﬁned by the kinematical cut Q 2 > 1
(GeV/c)2. The upper limit is set to x = 0.3 because interactions on
sea quarks are negligible at higher x. The total energy of the γ ∗–
nucleon system in the selected events covers the range 5  W 
17 GeV. The dilution factor of the 6LiD target is evaluated at the
(x, Q 2) of each event and is around 37% for the events used in the
present analysis [18]. The statistics of 135.1 million events includes
the sample used in Ref. [4] and reduces the statistical errors by
about 30%.
Hadron tracks are required to originate from the main vertex.
A cut on the fractional energy z > 0.2 is applied to the hadron
candidates in order to select those produced in the current frag-
mentation region. In addition an upper limit z < 0.85 is imposed in
order to suppress hadrons from diffractive processes and to avoid
contamination from wrongly identiﬁed muons. Several other cuts
are applied to guarantee the quality of the selected track sample:
the ﬁrst reconstructed track point must be upstream of SM1, tracks
reconstructed only upstream of SM1 are rejected and those cross-
ing more than 30 radiation lengths of material are not accepted as
hadrons.
Hadron identiﬁcation is performed using the RICH detector. For
the present analysis, the momenta of hadrons are restricted to the
range common to pion and kaon identiﬁcation 10 < p < 50 GeV/c.
The expected distributions of photo-electrons are calculated for
different particle masses as well as for the background assump-
tion. These distributions are compared to the observed one and
the mass is assigned according to the ratios of their likelihoods.
The statistics available for the π+ (π−) and K+ (K−) samples af-
ter all cuts is 22.8 (20.5), and 4.8 (3.3) million, respectively.
Since the samples of identiﬁed pions and kaons do not fully
correspond to the true ones, an unfolding procedure must be ap-
plied to correct rates and asymmetries. In a ﬁrst step, the elements
of the identiﬁcation eﬃciency matrix, Pt→i , are calculated. They
represent the probability for a particle of true type t to be iden-
tiﬁed as type i. The values of Pt→i are obtained from samples
of reconstructed pions and kaons resulting from K 0S and φ de-
cays, respectively. Since the RICH performance depends critically
on the phase space of particles, the elements Pt→i are calculated
in bins of momentum and polar angle (angle w.r.t. beam axis) of
the selected particle. Extrapolations have been used for the largest
momenta and angles when the statistics of decay particles is in-
suﬃcient.Fig. 2. Purities Q π→π , Q K→K and contaminations Q π→K , Q K→π calculated for
the 2004 data.
In a second step the contributions Q t→i from different hadron
species t to the identiﬁed sample i are determined. They depend
not only on the identiﬁcation eﬃciencies Pt→i but also on the ob-
served hadron rates and therefore must be calculated separately
for every bin of x. As an example the contributions Q π→π , Q K→K
(called “purities”) and Q π→K , Q K→π (called “contaminations”) for
positive and negative hadrons in the 2004 data are shown in Fig. 2
as a function of x. In general, Q π→π is close to 1.0 and Q K→K
varies from about 0.8 at low x to about 0.93 at medium x. In view
of this, unfolding can only have a signiﬁcant effect at low x but
since the pion and kaon asymmetries are similar in this region, its
effect remains small as compared to the statistical errors.
The inclusive asymmetries and the unfolded hadron asymme-
tries have been corrected for radiative effects according to the
procedure of Ref. [19] and are shown in Fig. 3 as a function of x.
The values of the inclusive asymmetry are in good agreement with
those of Ref. [4]. The results of HERMES, the only other experi-
ment which measured asymmetries of identiﬁed hadrons [7], are
shown for comparison. The two sets of measurements are well
compatible and in the region of kinematic overlap the statistical
precision of the two experiments is generally comparable. How-
ever, COMPASS extends the measured region towards x = 0 by an
order of magnitude. It is also observed that all asymmetries, ex-
cept AK−1,d , are quite similar to each other. This feature is expected
due to the isoscalar symmetry of the 6LiD target. The K− asymme-
try is consistent with zero over the full range of x. The values of
the inclusive and semi-inclusive asymmetries are listed with their
statistical and systematic errors in Tables 2 and 3. Correlations be-
tween different asymmetries in bins of x are listed in Table 4.
There are several sources of systematics uncertainties in the
determination of the asymmetries. The error of the target polar-
isation measurement and the error on the parameterisation of the
beam polarisation amount to 5% of their respective value. The un-
certainty related to the dilution factor, which includes the dilution
due to radiative events on the deuteron, is 2% over the full range
of x. The ratio R = σ L/σ T used to calculate the depolarisation fac-
tor [20] gives an error of 2–3%. When added in quadrature these
multiplicative uncertainties amount to a normalisation error of 8%
of the asymmetry. The systematic error also accounts for false
asymmetries which could be generated by instabilities in some
components of the spectrometer. Asymmetries due to apparatus
effects have been searched for in combinations of data samples
where the physical asymmetry cancels out. The asymmetries ob-
served in these combinations were found compatible with zero.
Systematic effects have also been studied by comparing results ob-
COMPASS Collaboration / Physics Letters B 680 (2009) 217–224 221Fig. 3. Comparison of ﬁnal asymmetries of COMPASS as a function of x with results of HERMES [7]. Bands at bottom of graphs represent systematic uncertainties. Solid
markers and bands correspond to COMPASS data. Open markers and bands are taken from the HERMES publication.tained with different microwave settings. No signiﬁcant difference
was found. The possible error due to false asymmetries was eval-
uated as a fraction of the statistical error σsyst < 0.4σstat [4]. The
total systematic uncertainty is shown by the bands at the bottom
of each plot in Fig. 3.
4. Polarised PDFs from a ﬁt to the asymmetries
As in our previous LO analysis [3], we assumed that hadrons
in the current fragmentation region are produced by independent
quark fragmentation, so that their spin asymmetries can be writ-
ten in terms of parton distribution functions (q(x, Q 2),q(x, Q 2))
and fragmentation functions (FFs) Dhq(z, Q
2) according to Eq. (2).
In the present analysis we use the unpolarised parton distribution
functions (PDFs) from MRST [21]17 and the recent DSS parameter-
isation of FFs at LO which was obtained from a combined analysis
of inclusive pion and kaon production data from e+e− annihilation,
semi-inclusive DIS data (SIDIS) from HERMES and proton–proton
collider data [22]. In order to test the dependence of the po-
larised PDFs on the FFs, we also show the values obtained with
the EMC FFs [23]. In contrast to other parameterisations which are
derived from global ﬁts, the latter ones have been extracted from
the EMC data only, so that only non-strange quark fragmentation
could be measured. Therefore, in addition to the assumptions gen-
erally made to reduce the number of FFs, the EMC analysis also
assumed that DK+s¯ = Dπ+u .
The recent HKNS parameterisation of FFs [24] strongly disagrees
with the ratio of negative to positive hadrons observed in our data,
as was already observed in [3] for the KRE parameterisation [25].
For this reason, these parameterisations based only on e+e− col-
lider data are not usable in the kinematic range of the present
analysis.
Since the analysis is based on deuteron data only, only the sums
of u and d densities can be extracted: uv + dv and u¯ + d¯.
In principle s and s¯ could both be extracted from the charged
kaon asymmetries AK+1,d and A
K−
1,d but in view of the precision of
the data, they are assumed to be equal. All asymmetries are also
17 We use the LO set with three quark ﬂavours.assumed to be independent of Q 2. In this way the resulting PDFs
are obtained at a common Q 2 ﬁxed to 3 (GeV/c)2.
The ﬁve measured asymmetries form a linear system of equa-
tions with three unknowns (uv + dv , u¯ + d¯, s), which
is solved by a least-square ﬁt independently in each x bin. Only
statistical errors are used in the ﬁt and correlations between asym-
metries are taken into account. Two corrections (c1, c2) are applied
in the evaluation of quark helicity distributions from the asym-
metries. The ﬁrst one, c1 = 1–1.5ωD , accounts for the deuteron
D-state contribution (ωD = 0.05 ± 0.01 [26]). The second one ac-
counts for the fact that, although R(x, Q 2) = 0 at LO, the unpo-
larised PDFs originate from F2 distributions in which R = σL/σT
was different from zero [20]. In the present analysis we assume R
to be the same for inclusive and semi-inclusive reactions, so that
the same correction, c2 = 1 + R(x, Q 2), can be used for inclusive
and hadron asymmetries. The resulting quark helicities thus are
corrected by a factor ξ = c1c2.
The results of the ﬁt obtained with the two sets of fragmenta-
tion functions are shown in Fig. 4. Signiﬁcant differences are ob-
served only for s. Indeed the main difference of DSS with respect
to EMC is the enhanced s (s¯) quark contribution to the production
of K− (K+), the ratio
∫ 1
0.2 D
K+
s¯ (z)dz/
∫ 1
0.2 D
K+
u (z)dz, which is equal
to 3.4 for the quoted EMC values, increases to 6.6 in DSS. The sta-
tistical precision of s for the two parameterisations changes in
the same proportion. The curves obtained with the LO DNS param-
eterisation of polarised PDFs [27] are also shown. As in our previ-
ous publication on the asymmetry of unidentiﬁed hadrons [3], a
nice agreement is observed in the valence sector. The asymmetries
of the non-strange sea are also compatible with the DNS curve, al-
though we observe a tendency for the data points to be above and
below the curve at low and high x, respectively. The shape of the
xs curve of DNS is quite typical for QCD ﬁts of g1(x, Q 2) data,
showing a minimum in the medium x region (x ≈ 0.2). With the
DSS fragmentation functions, the SIDIS measurements of COMPASS
do not seem to support this behaviour, while with the EMC ones,
the errors become too large to draw any conclusion.
The elements of the correlation matrix for the obtained densi-
ties are shown in Fig. 5. The correlation between the non-strange
densities uv + dv and u¯ + d¯ is large and negative. This
feature can be explained by the fact that their sum is highly con-
strained by the very precise value of A1,d . Since the term with s
222 COMPASS Collaboration / Physics Letters B 680 (2009) 217–224Fig. 4. The quark helicity distributions evaluated at common value Q 2 = 3 (GeV/c)2
as a function of x for two sets of fragmentation functions (DSS and EMC). Bands
at bottom of graphs represent systematic uncertainties. Solid markers and bands
correspond to PDFs obtained with DSS parameterisation of FFs. Open markers and
bands are obtained with EMC parameterisation of FFs. The curves represent the LO
DNS parameterisation of polarised PDFs [27].
Fig. 5. Correlation coeﬃcients of PDFs obtained in the ﬁt with DSS parameterisation
as a function of x.
in Eq. (2) is smaller than the other ones, A1,d ﬁxes well the sum
of non-strange densities and forces them to anti-correlate.
The estimates of the truncated ﬁrst moments uv + dv ,
u¯ + d¯ and s are given in Table 1. The systematic errors have
been estimated by reﬁtting the asymmetries shifted simultane-
ously within the limits of their systematic uncertainty. The value
quoted for valence quarks is in good agreement with the one de-
rived in our previous publication from the difference asymmetries
for non-identiﬁed hadrons obtained from a partially overlapping
data sample (0.26± 0.07± 0.04 at Q 2 = 10 (GeV/c)2) [3].
As stated in the introduction, the evaluation of the ﬁrst moment
of the strange quark from the Q 2 evolution of g1 data (see e.g.Table 1
First moments uv +dv , u¯+d¯ and s at Q 2 = 3 (GeV/c)2 from the COMPASS
data and also from the DNS ﬁt at LO [27] truncated to the range of the measure-
ments (0.004< x < 0.3).
Measur. (DSS FF) Measur. (EMC FF) DNS
uv + dv 0.26± 0.06± 0.02 0.30±0.08±0.02 0.225
u¯ + d¯ −0.04± 0.03± 0.01 −0.05±0.04±0.01 −0.009
s (= s¯) −0.01± 0.01± 0.02 −0.05±0.03±0.03 −0.035
Table 2
Values of the inclusive asymmetry A1,d with their statistical and systematic errors
as a function of x, with the corresponding average value of Q 2.
x-bin 〈x〉 〈Q 2〉
(GeV/c)2
A1,d ± δAstat ± δAsyst
0.004–0.006 0.0052 1.17 0.001±0.005±0.002
0.006–0.010 0.0079 1.48 −0.001±0.003±0.001
0.010–0.020 0.0141 2.15 −0.002±0.003±0.001
0.020–0.030 0.0244 3.23 0.010±0.005±0.002
0.030–0.040 0.0346 4.33 0.003±0.006±0.003
0.040–0.060 0.0487 5.87 0.016±0.006±0.003
0.060–0.100 0.0765 8.63 0.039±0.007±0.004
0.100–0.150 0.121 12.9 0.090±0.010±0.008
0.150–0.200 0.172 17.8 0.126±0.015±0.011
0.200–0.300 0.240 24.9 0.159±0.017±0.014
Ref. [27]) relies on the assumption of SU(3)F symmetry. It has been
suggested that this symmetry could be broken at a level of 20%
[9]. However recent ﬁts of inclusive and semi-inclusive data have
found a much smaller symmetry breaking, of the order of a few
per mill [10].
5. Direct evaluation ofs from the charged kaon asymmetry
The dependence of s(x) on the FFs can be further explored in
relation with the charged kaon asymmetry AK
++K−
1,d . This asymme-
try is a weighted average of AK
+
1,d and A
K−
1,d with weights given by
the spin-averaged K+ and K− cross-sections
AK
++K−
1,d =
σ K
+
AK
+
1,d + σ K
−
AK
−
1,d
σ K
+ + σ K− . (3)
It is found to be very stable with respect to the ratio σ K
−
/σ K
+
.
Indeed a change of this ratio by ±10% which would cover, for in-
stance, the replacement of the MRST PDFs by those from CTEQ
[28], does not modify AK
++K−
1,d by more than 10% of its statistical
error. At LO, the cross-section ratio only depends on the unpo-
larised PDFs and on the ratios of unfavoured to favoured, RUF, and
strange to favoured, RSF, fragmentation functions
RUF =
∫
DK
+
d (z)dz∫
DK
+
u (z)dz
, RSF =
∫
DK
+
s¯ (z)dz∫
DK
+
u (z)dz
, (4)
which are respectively equal to 0.13 and 6.6 for the DSS FFs at
Q 2 = 3 (GeV/c)2 (0.35 and 3.4 for the EMC FFs).18 The values
shown in Fig. 6 have been obtained with the MRST PDFs and the
DSS FFs. As for the K+ and K− asymmetries, they are in very good
agreement with the HERMES values of Ref. [7].
For an isoscalar target, the charged kaon asymmetry and the
inclusive asymmetry can be written at LO as
AK
++K−
1,d = ξ
Q + αs
Q + αs , A1,d = ξ
Q + 45s
Q + 45 s
, (5)
18 These values remain practically unchanged when the range of z is limited to
0.85 instead of 1.
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Unfolded hadron asymmetries of charged pions and kaons.
〈x〉 〈Q 2〉 (GeV/c)2 Aπ+1,d ± δAπ+stat ± δAπ+syst Aπ−1,d ± δAπ−stat ± δAπ−syst AK+1,d ± δAK+stat ± δAK+syst AK−1,d ± δAK−stat ± δAK−syst
0.0052 1.16 0.006±0.014±0.006 0.012±0.014±0.006 −0.023±0.038±0.015 −0.109±0.038±0.017
0.0079 1.42 −0.002±0.009±0.003 −0.003±0.009±0.003 −0.019±0.020±0.008 0.016±0.021±0.009
0.0141 2.03 −0.001±0.007±0.003 −0.007±0.007±0.003 −0.043±0.016±0.007 −0.004±0.018±0.007
0.0244 3.19 −0.002±0.011±0.005 0.006±0.012±0.005 0.022±0.024±0.010 0.026±0.028±0.011
0.0346 4.43 0.026±0.016±0.007 0.003±0.016±0.006 0.021±0.032±0.013 0.012±0.038±0.015
0.0487 6.10 0.014±0.015±0.006 0.039±0.016±0.007 0.069±0.031±0.013 −0.066±0.038±0.016
0.0763 9.26 0.045±0.017±0.008 0.018±0.018±0.007 0.065±0.034±0.014 0.015±0.044±0.018
0.1210 14.95 0.094±0.026±0.012 0.088±0.028±0.013 0.118±0.049±0.022 −0.015±0.070±0.028
0.1719 22.42 0.102±0.040±0.018 0.133±0.045±0.021 0.117±0.074±0.031 −0.008±0.111±0.045
0.2404 32.87 0.219±0.045±0.025 0.148±0.051±0.024 0.207±0.082±0.037 −0.032±0.129±0.052
Table 4
Correlation coeﬃcients of unfolded asymmetries in bins of x.
x-bin 0.004–0.006 0.006–0.01 0.01–0.02 0.02–0.03 0.03–0.04 0.04–0.06 0.06–0.10 0.10–0.15 0.15–0.20 0.20–0.30
Aπ+1,d &A1,d 0.29 0.34 0.39 0.40 0.40 0.41 0.41 0.40 0.39 0.39
Aπ−1,d &A1,d 0.30 0.35 0.38 0.39 0.39 0.39 0.38 0.36 0.35 0.34
Aπ−1,d &A
π+
1,d 0.12 0.15 0.17 0.16 0.16 0.16 0.16 0.15 0.15 0.17
AK+1,d &A1,d 0.11 0.15 0.17 0.19 0.19 0.20 0.21 0.21 0.21 0.21
AK+1,d &A
π+
1,d −0.18 −0.12 −0.08 −0.06 −0.05 −0.04 −0.04 −0.03 −0.02 −0.02
AK+1,d &A
π−
1,d 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.05
AK−1,d &A1,d 0.11 0.14 0.16 0.16 0.16 0.16 0.16 0.15 0.14 0.14
AK−1,d &A
π+
1,d 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
AK−1,d &A
π−
1,d −0.14 −0.09 −0.05 −0.04 −0.04 −0.03 −0.03 −0.03 −0.03 −0.04
AK−1,d &A
K+
1,d 0.05 0.07 0.09 0.10 0.10 0.10 0.10 0.10 0.11 0.12Fig. 6. Charged kaon asymmetries obtained with cross-section weights from MRST
PDFs and DSS FFs. For comparison results of HERMES [7] are also presented. The
curve shows the A1,d prediction of the DSSV ﬁt [10].
where Q is the non-strange quarks density Q = u + u¯ + d+ d¯, the
corresponding helicity density is Q , and α = (2RUF + 2RSF)/(2+
3RUF).
To take advantage of the similarity between AK
++K−
1,d and A1,d ,
it is convenient to write the strange quark polarisation s/s in the
form
s
s
= 1
ξ
[
A1,d +
(
AK
++K−
1,d − A1,d
) Q /s + α
α − 0.8
]
, (6)
where Q and s are spin-independent non-strange and strange
quark densities. As expected, the use of this formula leads to val-
ues of s practically equal to those of the least square ﬁt but withslightly larger statistical errors (Fig. 7). The above formula shows
that in the special case where AK
++K−
1,d would be strictly equal
to A1,d , the strange quark helicity would become insensitive to
FFs and its ﬁrst moment would be small and positive (≈ 0.006).
Otherwise the main dependence on the FFs is due to RSF, which
appears only in the numerator of α, and its effect is ampliﬁed by
the large values of the ratio Q /s. Negative values of s corre-
spond to negative values of AK
++K−
1,d at low x where A1,d ≈ 0 and
to AK
++K−
1,d < A1,d at higher x. The A1,d(x) prediction of the DSSV
ﬁt [10] is shown in Fig. 6 for comparison. Neither the COMPASS
nor the HERMES points show any tendency to lie below the A1,d
curve in the range 0.03 < x < 0.3. There is thus no indication for a
signiﬁcantly negative s in this region, in contrast to predictions
of most ﬁts using only g1 data, as shown for instance by the DNS
prediction in Fig. 4. The COMPASS values of AK
++K−
1,d provide at
least a hint that s may become negative in the previously un-
measured low x region (x < 0.02), as predicted in the recent DSSV
ﬁt [10].
Fig. 8 shows the variation of the ﬁrst moment of s truncated
to the measured region as a function of RSF. For RSF  5 we ob-
serve that the values are close to zero and larger than the full
moment derived from the inclusive analysis (Eq. (1)). The contribu-
tion from the region x > 0.3 is limited by the positivity condition
|s(x)| s(x) and cannot exceed 0.003 in absolute value. Thus any
difference between the truncated SIDIS moment and the full mo-
ment must be compensated by an unmeasured contribution in the
low x region. In particular this is the case for the DSS FFs where
RSF = 6.6. The difference never exceeds two standard deviations,
so that no ﬁrm conclusions can be drawn from the COMPASS data
only, nevertheless, as shown on Fig. 6, the HERMES data lead to a
similar result. In contrast, if RSF  4, the asymmetry AK
++K−
1,d be-
comes less and less sensitive to s because DK
+
s¯ is small. This is
the case for the EMC FFs and, in general, for older parameterisa-
tions such as KRE [25].
224 COMPASS Collaboration / Physics Letters B 680 (2009) 217–224Fig. 7. The strange quark spin distribution xs(x) at Q 2 = 3 (GeV/c)2 derived from
the charged kaon asymmetry AK
++K−
1,d using DSS FFs and from A1,d , compared to
the result of the corresponding least square ﬁt. The quoted errors are statistical only.
Fig. 8. Integral of s over the measured range of x, as a function of the ratio RSF
for RUF ﬁxed at the DSS value of 0.13 (thick solid curve). The light-grey area shows
the statistical uncertainty and the hatched band inside of it shows the effect of
increasing RUF to 0.35 (EMC value). The horizontal band represents the full moment
of s derived from the COMPASS value of the ﬁrst moment of gd1(x) (Eq. (1)). The
values of RSF corresponding to DSS [22], EMC [23] and KRE [25] parameterisations
of FFs are indicated by arrows.
6. Conclusions
We have presented a ﬁrst measurement of the longitudinal spin
asymmetries for charged pions and kaons identiﬁed with the RICH
detector in the COMPASS experiment. These measurements are
used in combination with the inclusive asymmetries to evaluate
the polarised valence, non-strange sea and strange quark distribu-tions. The results for valence quarks and non-strange sea quarks
are in good agreement with the DNS parameterisation. They show
weak dependence on the selected parameterisation of the frag-
mentation functions. The distribution of s is compatible with
zero in the whole measured range, in contrast to the shape of
the strange quark helicity distribution obtained in most LO and
NLO QCD ﬁts. The value of the ﬁrst moment of s and its er-
ror are very sensitive to the assumed value of the ratio of the
s¯-quark to u-quark fragmentation functions into positive kaons∫
DK
+
s¯ (z)dz/
∫
DK
+
u (z)dz.
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